With these words, the organizers of Quark Matter 2009 in Knoxville invited me to discuss the physics opportunities for heavy ion collisions at the LHC without recalling the standard arguments, which are mainly based on the extended kinematic reach of the machine. In response, I emphasize here that lattice QCD indicates characteristic qualitative differences between thermal physics in the neighborhood of the critical temperature (T c < T < 400 − 500 MeV) and thermal physics at higher temperatures (T > 400 − 500 MeV), for which the relevant energy densities will be solely attainable at the LHC.
mesons has been largely developed and refined by the interplay of theory and experiment at the 23 CERN SPS. The same can be said about HBT two-particle correlations or the global picture of 24 expansion dynamics in the context of the SPS, or the theory of jet quenching and of saturation in 25 the context of RHIC.
26
These developments are likely to be continued at the LHC. Discoveries arise as a consequence 27 of (logarithmic) increases in kinematic reach and/or substantial improvement of instrumentation 28 or precision. Understanding arises from a tight interplay between theory and experiment on the 29 newly accessible measurements. For the LHC heavy ion program, the most foreseeable advances 30 due to kinematic reach and instrumentation have been reiterated repeatedly in plenary talks. For 31 instance, a factor ∼ 30 increase in center of mass energy from RHIC to LHC will make many 32 rare hard probes for the first time measurable and it will provide abundant samples of jets up 33 to E T ≈ 200 GeV. The increased kinematic reach will also add qualitatively novel insight to 34 many soft characteristics of heavy ion collisions: For instance, the abundance of charmed and 35 beauty hadrons will provide novel tests for our understanding of the hadrochemical composition 36 in heavy ion collision. Extending the measurements of elliptic flow to systems with denser initial 37 conditions has the potential of falsifying or refining our current interpretation in terms of fluid 38 dynamic evolution. Also, a factor ≈ 30 increase in center of mass energy tests particle production 39 at unprecedented low Bjorken-x, where saturation phenomena may leave characteristic traces.
40
Beyond these and other foreseeable physics opportunities, there is the exciting thought that a 41 factor 30 jump into the unexpected is always a unique chance for finding the unexpected.
42
The novel physics opportunities, alluded to sketchily in the above paragraphs, could be dis- proportional to the (collision energy dependent) time τ i , at which the system is assumed to reach kinetic equilibrium. Taken at face value, however, the equilibration temperatures estimated above 66 suggest that the CERN SPS experimental program was the first to gain access to the QCD high 67 temperature phase, while RHIC was the first machine to create systems which spend a significant T c is not shared by many other thermodynamic quantities.
75
One thermodynamic quantity, which is not featureless above T c , is the so-called interaction 
The Polyakov loop

88
For pure Yang-Mills theory without quarks, the trace of the Wilson line of the gauge field along the cyclic imaginary time direction
is a good order parameter for deconfinement. This so-called Polyakov loop can be interpreted in terms of a static quark free energy,
The Polyakov loop needs to be renormalized in order to eliminate self-energy contributions to
89
∆F q . At low temperature, quarks are confined; as a consequence, the static quark free energy 90 tends to infinity, and the thermal expectation value of the renormalized Polyakov loop L ren van-
91
ishes. At high temperature, the system is deconfined, the static quark free energy becomes negli- become applicable for T > 3 T c , while they clearly fail at lower temperatures. For instance, it is a 153 generic feature of weakly coupled quasi-particle models that the difference ǫ −3 p is proportional vanishes approximately, and this behavior is compatible with a weakly coupled quasi-particle 157 model.
158
These observations may suggest that the "strong coupling paradigma", which has been de- 
Summary
168
We have used Bjorken estimates for the initial temperature to relate lattice simulations of In developing the above arguments, I have profited substantially from discussions with A.
208
Vuorinen and exchanges with A. Kurkela. 
